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HKAT OF DILUTION
OF CANE SUGAR SOLUTIONS.
The problem of the heat effects produced by the
dilution of cane sugar solutions has not received very much
attention from investigators. Some work has appeared in the
literature bearing on this line. Von Stackelberg (Zeit. Phys
,
Chem.., 36, 54G, 1898), gives values for heats of dilution of
many inorganic substances, with but meager data relating to cane
sugar solutions. Ewan , (Zeit. Phys. Chem., 14, 428, 1894, and
22, 1899), in his endeavor to throw additional light on the re-
lation between the osmotic pressure and concentration of solu-
tions has made a series of determinations of heat dilution of
cane sugar at various concentrations, but at only one temperature
Whether or not the values for the heat dilution are
influenced by temperature at which the experiments are carried
on does not seem to have been considered in any previous vrork.
Up to the present time no attempt has been made to determine the
value of the heat of dilution and subsequently the temperature
coefficient when both the concentration and the temperature were
varied. It is therefore the purpose of this paper to present
data relating to the heat of dilution of cane sugar solutions
under varying concentrations and for a range of temperatures.
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zThe first problem was to device a form of calorimeter
which would enable accurate measurements of heat effects. The
use of a DewAr bulb was here suggested. It seemed apparent
that a Dewar bulb ought to give good results owing to the vacu\im
chamber, which would cut down the rate of radiation. This
is a very important factor, since the quantities of heat to
be measured would be very small and the error must needs be
reduced as much as possible to obtain sufficient accuracy.
A Dewar bulb of about 8 cm. inside dianieter, about
30 cm. high and a capacity of about 900 cc . was procured.
Several experiments r-elative to the rate of radiation were
carried out. The particular bulb employed was not one of the
silvered variety and it was found that the rate of radiation
was about ,06° per minute with a difference of 10° from room
temperature. In order to reduce this radiation the outside of
the bulb v^aa covered with a layer of smooth tinfoil, which was
pasted on by means of a solution of water glass. The bulb v/as
then enclosed in a sheath of hair felt an inch thick. Further
experiments shov/ed that the rate of radiation had been thus re-
duced to from .005° to .008° per minute, depending somev/hat on
the temperature difference from the room temperature. The
bulb v/as then mounted in a ?/ooden frame as shov/n in Fig. T, and
covered with a thick cork stopper, through which a Beckmann
thermometer, a glass stirrer and a delivery tube from the upper
container were passed. This upper container consisted of a



4250 ce. flask with the bottom cut off, to the neck of which a
tube was fitted, which in turn was somewhat bent to clear the
lower thennometer , This flask and delivery tube were then
wrapped in hair felt and covered with a layer of asbestos. The
rate of radiation of this container was determined and was found
to be about 0.08° per minute. This value again depending upon
the room temperature . A rubber stopper with a glass rod through
it was fitted into the neck of the flask to serve as a valve. A
stirrer and a Beckmann thermometer were placed into this upper
container. The whole apparatus vjas then set up as shown in
Fig, T.
The Beckmann thermometers were set at the required
temperature and their difference in degrees recorded so that
both could be corrected to the same standard temperature. The
whole apparatus was then placed in a constant temperature room
in the basement. Here data was collected at 0*, 5**, 10'*»15°. The
25" experiment was carried out in the laboratory upstairs. This
room could be kept within a few degrees of the temperature at
which the experiment was carried on and thus the radiation was
reduced. Owing to the mild winter and the absence of any means
of artificial cooling it was difficult to obtain much data at
degrees.
The experiments were carried out according to the
follov/ing plan:
Ii
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Different amounts of solvent were added to see whether or not
the total heat of dilution had been measured.
The sugar used wa« of the "Domino" variety and was
not purified. Both the water and sugar were weighed out.
After the sugar had been dissolved, both the sugar
solution and the water were brought to within 0.5° of the par-
ticular temperature at which the experiment was to be conducted
and were placed into their respective containers, the water above
the sugar solution below. The whole apparatus was then allov/ed
to remain for from | to 1 hour to become constant. Both ther-
mometers were then retid every minute for eight minutes. The
plan adopted was this: the lower thermometer was read on the
minute and the upper on the half minute, thus giving one—half
minute between each reading and allowing ample time for stirring.
The thermometers were graduated to hundredths of a degree, and
could be read to .001** by means of a glass. The liquids were
stirred before each reading by a definite amount, this stirring
being kept constant for all deteminations . One—half minute

6after the last upper reading was taken the stopper was pulled
from the upper flask and the water allov/ed to drop into the
sugar solution helow. Minute readings for from 10 to 15 min-
utes were taken. The mixture was stirred by the same definite
araount as before. Each experiment was carried out in duplicate.
The constant that is the heat capacity of the calor-
imeter was deteraiined from data collected by mixing water at
different temperatures.
Results .
The temperatures were tabulated and curves plotted to
obtain the exact temperature of each liquid at the time of mixing
The final temperature of the mixture ^vas calculated from the
series of temperatures of the mixture. The temperatures of the
upper thermometer v/ere, in each case, corrected to those of the
lower by adding or subtracting the difference between the two
thermometers. The calculation of the heat effect was carried
out according to the follov/ing formula:
Q = Aa (t3 - ti) + (Eb + K) (t^ - Iq) .
Where
Q, = heat evolved in colories
A = amount of water in upper flask
a = specific heat of same
B = amount of sugar solution In Dev/ar
b = specific heat of same
ti= temperature of upper flask at time of mixing

Vt2= temperature of lower bul"b at time of mixing
t3= final temperature of mixture.
K = constant of calorimeter
9i = q = heat evolved per g. of solvent added,
A which is tlie temperature coefficient.
The values for the specific heat of cane sugar solution
were obtained by taking known values and plotting a curve and
taking the required values from the curve. A summary of the data
will be found in Table 1.
The most striking thing about the data is the fact that
the temperature coefficient at 5° Is negative. There is no
apparent reason for this peculiarity and further investigation
would be required to determine whether it is due to experimental
error or to some phenominon. The total experimental error due
to the temperature readings would never exceed .005°. The only
other source which could account for this abnormality would be a
possible mistake in the comparison of the thermometers. The
original data was checked over and no error was found. Further
evidence which would indicate that these values are not negative
is the fact that the two determinations made at degrees are
positive, but here again more data is necessary to enable one to
draw definite conclusions. Tf , now, the results at 5** are not
taken into consideration it will be seen that the effect of tem-
perature on the heat of dilution and the temperature coefficient
must be very small if not exactly zero, and could be neglected.
0« lO"" 15° 85°
+.06 col. +.14 col. +.10 col. +.09 col.

8The above table shows that there is no regular change In the
value for the temperature coefficient with the temperature and
it has evidently no effect. Assuming that the negative values
are due to some error or abnormality the positive values alone
were averaged. The average of 15 gave .11 calories, with an
average deviation of .04 calories.
According to Lewis, (J. A. C. S., May, 1908), "since
the freezing point method affords a method of determining the
oanotic pressure at the freezing point it is possible to deter-
mine the osmotic pressure at other temperatures if we knew the
temperature coeff icient'^ by making use of the following themio-
d^niamic equation.
-TT- q - T ™
where 77" is the osmotic pressure, T the absolute temperature, and
q the heat of dilution per gram of solvent added to a large
quantity of solution. If, now, the value for q at various tem-
peratures is known or if change in temperature has little or no
influence, the osmotic pressure can be calculated for any tem-
perature ,
The average value for q found by von Stockelberpj; and
value
Kwen is .IS col. or 5 cc. atmospheres. The average^from the
data in this paper is .11 calories, or 4.5 cc . atmospheres, and
includes values for a range of temperatures. The error due to
the average deviation, .04 cal . or 1.6 cc. atmospheres, would be
1 6± * or about 0.6,^. at degrees and 7/ould decrease as t
increased
.
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